The common long-armed octopus, Octopus minor, is an important component 17 of systems and supports the local fisheries in the coastal areas of northern China. 18 
Therefore, the feeding intensity of O. minor was studied from April to July 2014 23 when females reaching maturation, and prey composition was identified from 24 stomach contents using a DNA barcoding method. Of the 172 sampled octopuses, 66 25 had stomach contents that were nearly digested into pulp. Maximum feeding 26 intensity occurred during the month of April and the feeding intensity of the females 27 was greater than that of the males in April and May. A considerable overall 28 reduction of feeding intensity in both sexes occurred from April to July. A total of 8 29 species were identified as the prey of O. minor. Based on homology searches and Introduction 37 The common long-armed octopus, Octopus minor (Sasaki 1920) is a benthic and 38 neritic octopod that has become a commercially important species in the north of 39 China and in South Korea [1, 2] and is identified to be furthermore ecologically 40 important as a generalist predator. Because of overfishing, a national germplasm 41 reserve was established at the Moon Lake (Fig 1) 49 The five methods used to assess the natural feeding habits of marine animals 50 include the examination of prey remains from middens [3] , direct observation [4] , 51 stomach content analysis [5, 6] , isotopic assessment [7, 8] , trophic tracing [9] and 52 molecular prey identification [10] [11] [12] . In some studies, several different methods have 53 been used in combination [11, 13, 14] . 54 A range of factors has made it difficult to determine the natural diet of O. minor; 55 the primary challenge that the oesophageal diameter of the octopus is physically 56 limited as it passes through the brain; therefore, the octopus' beak bites small pieces 57 of tissue to swallow, avoiding the ingestion of hard skeletal material [11] , and it is 4 58 difficult to make an accurate identification of pray with lack of hard skeletal material. Food is an important factor to the extent that it governs growth, fecundity and 69 migratory movements. An understanding of the relationship between octopus species 70 and their favorite food items helps to locate potential feeding grounds, which may, in 71 turn, be helpful for the exploitation of these resources. The extent of the variation in 72 feeding must be taken into account when studying the diet of a generalist predator. 73 Octopods are opportunistic and their diets are often affected by the abundance of 74 available prey [3, 18] . The species, size and type of their diet in the wild are often 75 dominated by many factors such as maturity stage, seasonal variation [19] , the body 76 size which reflects the prey ability [3, 14] and benthic assemblages which determine 77 prey availability [20] . In addition, what should be taken into account is that octopods 78 exhibit strong dietary preferences when given the same opportunity to different diets 79 items [18, [21] [22] [23] [24] . 5 
80
Few studies have focused on the ecology of O. minor, whose diet is roughly 81 known to include crustaceans, molluscs, polychaetes and fish [25, 26] . Investigation 82 into the natural diet of this species during sexual maturation, are of more research 83 value, and can provide trophic relationship information for fishery management, 84 especially for the management of exclusive conservation reserves. It also provides a 85 pray reference for aquaculture and artificial breeding of this commercially important 86 specie. In this study, we applied the method of molecular prey identification, DNA 87 barcoding method, to identify natural prey of O. minor based on stomach contents.
88

Materials and methods
89
Specimen collection 90 All the analyses have been carried out using freshly dead specimens collected 91 from fishermen of the Mashan Group Co. Ltd. No use of live animals has been 92 required for this study and no specific permissions were needed for the sampling 93 activities in all of the investigated areas because our species of interest is 94 commercially harvested (not endangered nor protected) and it was caught in areas 95 where fishing is allowed. One hundred and seventy-two O. minor specimens were 96 captured using traps placed during the evenings and collected at dawn from Moon 97 Lake (122º35'E, 37º21'N, Fig 1) from April to July 2014. The same number of males 98 and females were collected each month. All specimens were brought to the laboratory 99 where their stomach contents were removed. Each stomach was opened and the 100 contents were flushed into cryogenic vials. The stomach contents, potential residue of 101 prey, were weighed and then preserved in 70% ethanol at -20℃ for later DNA 6 102 analysis [27] . Stomach content samples were numbered monthly, AP01 to AP19, 103 MA01 to MA13, JN01 to JN19 and JL01 to JL15 from April to July, respectively. To 104 avoid potential contaminants (e.g., blood and tissue attached to the stomach from the 105 predator), the exterior surface of each stomach was washed with sterile, distilled water 106 before removing the stomach contents [28] . The dorsal mantle length (ML), the 107 distance between the posterior midpoint of the mantle and the midpoint of the eyes, 108 and wet body weight (W) were also measured. This basic information and data were 109 showed in Table 1 . Feeding intensity during the study months was determined based 110 on the degree of fullness of the stomach. The condition of feeding activity was 111 determined from observations of the degree of stomach distension as described by 112 Pillay (1952) [29] . Octopuses with stomachs that were gorged, full, ¾full, ½full were 113 considered to have been actively feeding (AF), while stomach ¼full, little and empty 114 were considered to denote poor feeding activity (PAF). The percentage of octopus in 115 the AF and PAF condition in both sexes for each month was calculated. 
Results
173
Feeding intensity 174 Of the 172 octopus individuals, 66 had contents in their stomachs (Table 1) and 175 feeding intensity of O. minor varied to an extent in respect to the months, and more 176 than half of the stomachs were found to be empty (Table 2 ). There was significant 177 difference in the feeding activity between July and other months (p<0.05) and no 178 difference among the first three months (p>0.05). However, the AF percentage of 179 octopus from April is greater than that of other months, meaning the maximum 180 feeding intensity occurred during the month of April. A considerable overall reduction 181 in the intensity of feeding for both sexes occurred from April to July (Table 2 ). The 182 feeding intensity of the females is greater than that of the males based on the 183 percentage of AF and PAF between the sexes in each month, and in April and May 10 184 the feeding intensity of the females was significantly greater than that of the males 185 (Table 3) . That is, compared to the males, more female individuals were actively 186 feeding.
187 188 59 stomachs were adequate to describe the diet of this species (Fig 4) . The prey consisted of 8 species in this study, a relatively narrow dietary for 304 octopus species. However, previous studies suggested that at least 12 prey species 305 were consumed by similar octopus though examination of their middens or via 306 morphological analyses of stomach contents [5, 6, 41] . From our analysis, the slopes 307 of the saturation curves rapidly approached asymptotes, which indicate that 308 sufficient stomach content specimens were collected to capture the major prey items 309 (Fig 4) . In this study we were interested in the months when the females were 310 maturing and the dietary range wound likely be greater than reported here if the O. where the octopuses were collected, appear to be an especially important food 315 supply for females during sexual maturation and they provided a substantial and 316 favorite food supply for the octopods. When the preferred diet does meet the feeding 317 needs, O. minor would not feed the other candidate items [17, 18, 22, 24, 32] , which 318 is a possible reason for the reduced number of types of consumed prey. 319 The genetic data indicate that cannibalism may be a significant feeding strategy 320 in long-armed octopus, with long-armed octopus DNA being detected in 15 of 59 321 stomachs. We do not believe that the host DNA contaminated the stomach contents 322 in these cases, as suckers and tops of arms were present in the stomachs and the host 323 was sound with no wounds. Cannibalism in octopus has been observed in artificial 324 culture [26, 42] and wild research [3, 43] . In this study, the number of cannibalism 18 325 cases increased from April to July.
326
Conclusions
327
The results confirm that although O. minor is a generalist and opportunistic 328 predator, it has strong dietary preferences in the wild. The discovery of the feeding 329 voracity of females during maturation provides a reference for aquaculture and 330 artificial breeding of this commercially important species, as well as accumulating 331 data for the rational resource exploitation of this kind animal. The DNA barcoding 332 method was shown to be successful in unraveling the feeding habits of wild O. 
